Performance, physiological and behavioural parameters of two groups of domestic chickens were compared. Chickens were raised in classical commercial conditions in buildings housing 12000 birds. One group acted as a control, while the environment of the other was perfused with MHUSA (Mother Hens' Uropygial Secretion Analogue), a synthetic analogue of a mother-hen odorant secretion which has shown its potential in reducing stress-related reactions in chickens. At the end of the rearing period the animals treated, appeared less stressed, as determined by a range of behavioural and physiological parameters. Even if there was no treatment effect on live weight, the carcasses of MHUSA treated animals were heavier and showed less scarring from fights. The influence of MHUSA was proven when it was removed from the atmosphere. Sex and age appeared to have an importance with regard to the action of MHUSA on the number of suffocated animals. There were no differences between the two groups in a variant of the tonic immobility test. Thus this semiochemical appears to have a positive effect on broiler welfare.
Introduction
A secretion from the uropygial gland of mother hens has been isolated on poultry (Gallus gallus) in natural conditions (mother with her chicks). This secretion shows a chemical pattern comparable to the appeasing pheromones discovered in mammals (pigs, horses, dogs), which have an appeasing effect on their young (Moltz & Leet, 1981; Mc Glone & Anderson, 2002; Pageat & Gaultier, 2003) . The native secretion, composing of fatty acids, is produced continuously from four days before hatching until separation occurs. A synthetic analogue called MHUSA (Mother Hen Uropygial Secretion Analogue; Pat. PCT/EP03/007144) has the same chemical composition as the native secretion. Therefore, MHUSA has the potential to reduce stress in domestic chickens, in particular under farming conditions (Madec et al., 2006; . In poultry, behavioural parameters related to stress have been widely studied to assess welfare. These parameters are either in relation with natural conditions (Maria et al., 2004) or with pure behaviour (Roden & Wechsler, 1997) . The majority of these results come from small-scale studies. They allow the observer to take into account the large number of parameters but are very time consuming (Campo et al., 2000) . It appeared to us that it would be of great interest to have criteria that characterize stress related behaviour in classical husbandries, but of an easy use, considering the large number of animals. It has been shown that correlations exist between behaviour in response to stress and physiological parameters such as the heterophil/lymphocyte ratio (HLR) (Puvaldolpriod & Thaxton, 2000) and corticosterone level (Post et al., 2003) . Performance parameters are also related to stress. Lower growth curves may be observed (Tankson et al., 2001 ) and the number of downgraded animals (i.e. suffocated or marks on the body) could be higher (Buitenhuis et al., 2002) . It appears that these parameters may be utilized to assess behaviour related to stress when a large number of animals has to be studied. The starting hypothesis is that MHUSA has an appeasing effect on chicks, and thus, that the impact of stress should be reduced when using MHUSA. A trial has been designed, firstly to evaluate the impact of MHUSA on stress parameters related to behaviour, and secondly to evaluate its possible use as a tool for further studies. Final live body weights of both males and females were lower, but not significantly, in the control group compared to the MHUSA. The percentage of scratched animals was lower (P <0.001) in the MHUSA (Table 2 ): 8% vs. 22% and 10% vs. 19% for males and females, respectively. There were more suffocated females in the control group than in the MHUSA group: 6.36% vs. 3.25% (P <0.001), whereas there were more suffocated males in the MHUSA group: 1.36% vs. 1.11% (P <0.05). 
MHUSA -Mother Hen Uropygial Secretion Analogue
Comparison of HLR between both groups showed a lower (P <0.01) ratio for the MHUSA than for the control group (Table 3) . Corticosterone plasma levels were higher in the control group (P <0.05) for the males whereas no differences were observed among the females (Table 3) . Table 3 Effect of mother odorant on heterophil/lymphocyte ratio and corticosterone levels (ng/mL plasma) in the blood of chickens at the end of the study The analysis of the behavioural test did not show any difference among groups. We observed comparable means of 39.6 seconds for males and 41.2 seconds for females before they first move.
Discussion
Our results demonstrated that, when housed under standardized commercial conditions, broilers exposed to MHUSA showed a lower level of stress compared to the control group. Intensity of stress was assessed by measuring physiological and blood parameters. The growth, as a physiological parameter, was assessed through carcass weights. These differences between the two groups are in accordance with the results found in other experiments relative to the consequences of stress on performances (Zulfiki et al., 2002) , in particular when using MHUSA (Madec et al., 2006; . This may be due to a lower activity of the MHUSA treated group, which tends to consume less energy and then have a lower catabolism under stressors. This is in accordance with previous observations by Siegel (1995) . Blood parameters confirmed the difference of stress between MHUSA and the control. Birds from the MHUSA group showed lower HLR and corticosterone level. Stressed poultry having such physiological and haematological modifications tend to display feather pecking (Buitenhuis et al., 2002) , which is consistent with our findings regarding corticosterone levels and the number of scratched animals in the control group. In poultry several needs have been described and have to be satisfied to ensure the welfare of the birds. Access to water and dust baths, an appropriate density, a group size that allows individual recognition are necessary for the stabilization of hierarchical dominance and socialization to humans (Jones, 1987) . If we compare this with the situation observed in the studied houses, several needs appear to be unsatisfied, creating stress-inducing surroundings. On the one hand, the density (20 birds/m²) was acceptable according to the current European legislation. On the other hand, there were no water or dust bathing facilities. Except for the provided compacted litter, birds had no access to a real dust bath, as described by Vestergaard et al. (1999) . Because we had no option of modifying the habits of the employees, the socialization to humans was difficult to assess and we cannot conclude on their involvement in possible stressing events. The crucial point seemed to be the size of a group. As observed on commercial poultry farms, a large group size (12000 chickens in each house) does not allow the easy establishment of dominance (Barnard & Burck, 1979) . It is almost impossible for the birds to recognize their flock-mates individually (Appleby et al., 1989) . This situation is especially critical for male chickens. Studies on the behaviour of wild chickens showed that intraspecific aggressiveness of male chicks begins to develop from the age of one week, becomes stronger as well as more frequent after three weeks and is systematically induced by proximity to other males (Kruijt, 1964) . In domestic chickens the aggressive reactions are delayed when there is habituation to the group (Evans, 1967) . According to the technical management of our population, both habituation and hierarchical organization could not occur because of the size of the groups. This situation is responsible for inducing social stress within the studied population. Our results, which showed a difference among sexes in the rate of suffocated animals, can be analyzed as a consequence of a different social stress among males and among females. During transportation the chickens were kept in crates without MHUSA, and the density of individuals from the same sex was dramatically increased, constituting another cause of stress (Nidjam et al., 2004) . Female chickens are used to living in packs and closeness does not induce aggressive reactions, nor stress (Evans, 1967) . Meanwhile, the longer breeding period for males represents another source of stress, as demonstrated by Jensen & Tates (1993) . Females and males were transported without MHUSA, and the females who did not experience the social stress did not show any agitation, whereas the males, stressed by the proximity to possible competitors, did. This is assessed by the difference in the corticosterone level between treatments, that was observed only in males (Table 3) , and probably causing some of them to die from suffocation. This result raises the question of transporting male chickens with MHUSA to prevent aggressive reactions. The fights between chickens were assessed according to downgraded carcasses because of scratches. Results observed for both sexes highlighted the efficacy of MHUSA in controlling stress and aggressiveness. If fights among males are common, male chickens attack females too (Millman et al., 2000) . These aggressions, enhanced by closeness, can be induced by different behaviours and especially by alarm stimulations (Hinde, 1975) . If less stressed, as shown by blood and physiological parameters, birds are less likely to show alarm attitudes. They therefore fight less. We did not observe any difference between treatments regarding the behavioural test. According to the literature, this test is related to acute fear and evaluates the freezing reaction, which is a particular adaptive response and not a sign of chronic stress (Zulkifi et al., 2002) . Induction of stress is indeed different from fear (Hughes & Black, 1974) . This test may not be appropriate in evaluating differences between stressed and non-stressed chickens. Another explanation could be related to the way we have modified the original test. Because we were not allowed to stay inside the houses for too long, we decided to limit our test to 60 seconds instead of the 300 seconds used in the test by Gallup (1977) . Our evaluation time was perhaps too short to observe any difference between the groups. Our starting hypothesis of a reduction of stress using MHUSA is thus consistent with these results, but raises the question of the use of an olfactory stimulation in chickens. Birds have been shown to have functional, well developed, olfactory bulbs (Jones & Carmichael, 1999) . Different studies have shown an existing chemical communication between birds (Kolattukudy et al., 1987; Bohnet et al., 1991) . In chickens, the secretion of alarm pheromones has been hypothesized as a consequence of the increase of the diameter of the uropygial gland (Bandyopadhyay et al., 1990) . Sexual pheromones have been described in ducks, geese (Nicolaides, 1974; Bohnet et al., 1991) and in Japanese quail (Abalain et al., 1984) . The behavioural and biological effects of MHUSA are similar to the ones observed in mammals when using appeasing pheromones, which decrease aggressive and fear reactions, and the cortisol blood level, and improve growth (Mc Glone, 1984; Pageat & Gaultier, 2003; Kooni et al., 2005) . Considering these results and the context of uropygial secretion of nursing hens, we could consider this secretion as a putative chicken pheromone. This would have to be proven in further experiments, in particular regarding the specificity of this putative pheromone.
Conclusion
This work shows that some parameters may be good indicators of stress behaviour. These parameters are easier to compute compared to a classical behaviour study such as scan sampling or focus sampling, in particular in commercial husbandries. The second main conclusion is that the studied MHUSA is effective in controlling stress in broilers living in intensive farming conditions.
